The available large prospective studies supporting an inverse association between better adherence to the Mediterranean diet and lower mortality have mainly included older adults. It is not clear whether this inverse association is also present among younger individuals at lower mortality risk. Our aim was to assess the association between adherence to the Mediterranean diet and total mortality in middle-aged adults from the Seguimiento Universidad de Navarra (SUN) Project.
Introduction
Since the pioneering studies conducted by Ancel Keys (1), the higher life expectancy observed in Mediterranean countries compared with Northern Europe or the US has been in great part attributed to the Mediterranean diet. The term ''Mediterranean diet'' refers to dietary patterns found in olive-growing areas of the Mediterranean region. Although some heterogeneity in traditional patterns of food consumption exists in these countries, there are also common features such as consumption of abundant plant foods (e.g., high intake of fruits, nuts, vegetables, bread, pulses, potatoes, beans, seeds, cereals, and pasta); fresh and varied fruits as the main and usual dessert; olive oil as the main source of fat and commonly used for salads and cooking; frequent consumption of fish; moderate wine consumption with meals; low amounts of meat (mainly poultry instead of beef and pork); and low to moderate consumption of dairy products. This food pattern provides a characteristic profile of nutrient intake with a high MUFA:SFA ratio; high intake of a-linolenic acid; moderate ethanol intake; high intakes of fiber, vitamins, folate, and natural antioxidants; and low intake of animal protein (2) (3) (4) (5) . Several scores have been proposed to define this food pattern (4) . The most commonly used operational definition for this pattern is the Mediterranean Diet Score proposed by Trichopoulou et al. (5) that ranges from 0 (minimum adherence) to 9 points (maximum adherence). A meta-analysis of 9 cohort studies reported that a 2-point increase in the Mediterranean Diet Score was associated with an 8% relative reduction in overall mortality (6) . Some of the included cohorts were conducted outside the Mediterranean basin (7) (8) (9) (10) (11) or a sizeable proportion of their participants did not come from Mediterranean areas (12, 13) . The importance of this distinction is that the ideal setting to appraise the health effects of adherence to this food pattern is the Mediterranean area. In other geographic areas, actual conformity with the Mediterranean dietary pattern is uncommon. For example, outside the Mediterranean basin, olive consumption tends to be very low and the main source of MUFA is red meat, the main source of ethanol intake is beer and liquors instead of wine, and the main sources of some micronutrients are vitamin supplements instead of natural fresh fruits and vegetables.
With the exception of the Greek and Spanish cohorts of the European Prospective Investigation into Cancer and Nutrition (EPIC) study (5, 14, 15) and another small cohort (n = 165) of institutionalized elderly participants in Spain (16) , no other large cohort to our knowledge has assessed the long-term association of this dietary pattern with total mortality in a Mediterranean country.
Moreover, to our knowledge, there is no evidence regarding the association between the adherence to the Mediterranean diet and premature death assessed in large cohorts based on middleaged, highly educated, and homogenous populations at low risk of mortality.
Our aim was to assess the association between adherence to the Mediterranean diet and total mortality in a Spanish cohort of middle-aged adults with open recruitment and a variable duration of follow-up extending from 2 to 10 y.
Participants and Methods
Study design and participants. The design and methods of the Seguimiento Universidad de Navarra (SUN) Project have been reported elsewhere (17) . The SUN Project is a dynamic cohort with permanently open recruitment, entirely composed of Spanish university graduates. The SUN cohort started in 1999 and was patterned after the models of the large cohorts conducted by investigators from the Harvard School of Public Health (NursesÕ Health Study, Health Professionals Follow-up Study) (18) . Baseline assessment and follow-up information is gathered through postal or web-based questionnaires collected every 2 y.
Up to March 2009, 20,172 participants had been recruited and had completed the baseline questionnaire of the SUN Project. We excluded 1921 individuals with a total energy intake out of the predefined limits (<800 kcal/d or >4000 kcal/d in men and <500 kcal/d or >3500 kcal/d in women) (19) and 1137 participants with a history of cancer, cardiovascular disease, or diabetes at baseline. Among the remaining 17,114 participants, 1579 participants were alive according to our files and the National Death Index and did not answer to follow-up questionnaires. We considered them as losses to follow-up (retention rate: 90.8%). Finally, 15,535 participants who had answered at least one follow-up questionnaire were included in the main analyses (Supplemental Fig. 1 ). The follow-up period was variable as a consequence of the dynamic design of the cohort.
The Institutional Review Board of the University of Navarra approved the study protocol. Voluntary completion of the baseline questionnaire was considered to imply informed consent.
Exposure assessment. We used a 136-item, semiquantitative FFQ previously validated in Spain (20) and recently reevaluated (21, 22) to assess dietary habits. Nutrient scores were calculated as frequency 3 nutrient composition of specified portion size, where frequencies were measured in 9 categories for each food item. A trained team of dietitians updated the nutrient data bank using the latest available information included in food composition tables for Spain.
We used the Mediterranean Diet Score proposed by Trichopoulou et al. (5) to classify participants according to their baseline adherence to the Mediterranean diet. We assigned a score of 0 or 1 in accordance with the daily intake of each of 9 components: 1) high ratio of MUFA:SFA; 2) high intake of fruit and nuts; 3) high intake of vegetables; 4) high intake of cereals (such as bread); 5) high intake of legumes; 6) high fish intake; 7) low intake of meat and meat products; 8) low intake of milk and dairy products; and 9) moderate alcohol intake. With the exception of alcohol, the sex-specific medians of the sample were used as cutoff points. For each of the 6 components in accordance with the Mediterranean diet (fatty acids ratio, fruit and nuts, vegetables, cereal, legumes, or fish), a participant received 1 point if his or her intake was over the sample median. The participant received 1 point if the intake was below the median for the 2 components not in line with the traditional Mediterranean diet (meat or dairy products). For alcohol, 1 point was given only for moderate amounts of intake (5-25 g/d for women or 10-50 g/d for men). This score, which ranges from 0 (minimal adherence) to 9 (maximal adherence), was categorized into 3 groups (0-2, 3-5, and 6-9 points).
We selected this score because it is the most extensively used index to assess adherence to the Mediterranean diet. Moreover, this score permitted us to compare our results with those obtained in other observational studies conducted with older participants.
Assessment of other variables. We also collected information at baseline about medical history (e.g., prevalence of chronic diseases and medication use), sociodemographic variables (e.g., sex, age, marital status, and employment status), anthropometric indexes (weight and height), lifestyle and health-related habits (e.g., smoking status, physical activity during leisure time, and hours/day spent watching television). The validity of self-reported weight and BMI in this cohort was previously documented (23) . The validity of the physical activity questionnaire including 17 activities to yield a metabolic equivalent task-h/wk score for each participant has been also reported (24) .
Ascertainment of mortality. We conducted a continuous and active follow-up of all participants in the cohort to identify each new death. On a yearly basis, we contacted every participant on several occasions. On each contact, we requested information about their changes of postal address. We kept updated 3 alternative postal addresses of each cohort member to be able to contact them during the follow-up period. When postal contact failed, we also used their emails and cellular phones to contact them. We also had a periodic exchange of information with the alumni associations and other professional associations to inquire about participants who did not answer our follow-up questionnaires. Most of the identified deaths in our cohort participants (>85%) were reported by next of kin, professional associations, or the postal system. Every 6 mo, we also checked the National Death Index to confirm the vital status of our participants to verify and complete the data regarding mortality in our cohort.
We obtained the death certificates and the medical records of deceased participants. A team of trained physicians of the SUN Project, unaware of the diet score of participants, adjudicated the cause of death according to the International Classification of Diseases, 10th revision (Supplemental Table 1 ). Mortality was grouped into 3 groups: cardiovascular mortality, mortality from cancer, and mortality from noncardiovascular, noncancer causes.
Statistical analysis. For descriptive purposes, we calculated means, SD, proportions, medians, and percentiles of baseline characteristics across levels of adherence to the Mediterranean diet. For each participant, we computed person-years of follow-up from the date of returning the baseline questionnaire to the date of death or to the date of returning the last follow-up questionnaire. Rates of death were computed according to baseline adherence to the Mediterranean diet categorized into 3 groups (0-2, 3-5, and 6-9 points). We calculated HR and 95%CI using Cox proportional hazards models for survival analyses with successive degrees of adjustment: 1) adjusted for sex and age (10 categories); 2) additionally adjusted for years of university education (continuous), BMI (continuous), smoking (5 categories), physical activity (5 categories), hours per day spent watching television (continuous), history of depression, baseline hypertension, baseline hypercholesterolemia, and total energy intake (continuous); 3) additionally adjusted for dietary confounders not included in the definition of the Mediterranean diet (i.e.,
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the Mediterranean Diet Score). Thus, as Trichopoulou et al. did (5), we also adjusted for potato and egg consumption. In the baseline assessment, we requested information about the prescription of special diets (dichotomous) and we also included this variable in the fully adjusted models, because we considered it a potential dietary confounder. The selection of these variables as potential confounders was based on the previous published scientific literature concerning the analysis of the adherence to the Mediterranean diet and mortality (5,6) and not on merely statistical criteria.
We repeated all the analyses using as exposure a 2-point increment in the Mediterranean Diet Score. Trend tests were calculated using the Mediterranean Diet Score as a continuous variable. As sensitivity analyses, we estimated the fully adjusted HR for a 2-point increment in adherence to the Mediterranean diet after changing several assumptions: 1) adopting different allowed limits for total energy intake; 2) including diabetics but also adjusting for diabetes status at baseline; 3) additionally adjusting for between-meal snacking; 4) excluding participants with long ($8 y) or short (#4 y) follow-up; 5) censoring the follow-up time of participants at 6 or 8 y; 6) excluding early deaths (within first 2 y); 7) restricting the analysis to younger participants (<55 y) or to premature deaths (<60 or <65 y); and 8) considering only each of the 3 specific groups of death. Fully adjusted HR were calculated for participants above the sex-specific medians of each of the 8 components of the Mediterranean Diet Score (all except alcohol). For alcohol intake, we calculated the HR for participants within the specified limits of moderate consumption. Stata 12 (StataCorp) was used for all analyses.
All P values were 2-tailed and significance was set at P < 0.05. Values in the text are mean 6 SD unless otherwise indicated.
Results
The age of the participants at recruitment was 38.1 6 11.8 y. Fifty-nine percent of participants were younger than 40 y at recruitment. Only 4% of participants were older than 60 y at baseline ( Table 1) . We observed 185 deaths in the SUN cohort during the follow-up period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . After exclusions, we observed 125 deaths during 105,980 person-years of follow-up. The mean age at death was 58.7 6 17.3 y. Crude death rates were higher among participants with better adherence to the Mediterranean diet. However, this higher mortality was explained by their older age, the higher proportion of former smokers among them, and their higher baseline prevalence of hypertension and hypercholesterolemia (Table 1) . After adjusting for age, sex, and the other major potential confounders, the HR for the moderate (3-5 points) and high (6-9 points) adherence to the Mediterranean diet were 0.66 (95% CI: 0.39, 1.11; P = 0.12) and 0.44 (95% CI: 0.24, 0.79; P = 0.006), respectively. After further adjustment for other dietary confounders, these HR were 0.58 (95% CI: 0.34, 0.99; P = 0.05) and 0.38 (95% CI: 0.21, 0.70; P = 0.002), respectively. For each 2-point increment in the Mediterranean Diet Score, the HR of death was 0.72 (95% CI: 0.58, 0.91; P = 0.006) in the fully adjusted model ( Table 2) .
When we separately assessed each of the 9 components of the score, only the item of ''fruit and nuts'' was independently associated with a lower risk of death among both men and women. Null associations were observed for all the other 8 components ( Table 3) .
The inverse association between adherence to the Mediterranean Diet Score and the risk of death was robust and remained significant in most sensitivity analyses, including analyses restricted to younger participants and premature deaths ( Table 4) . But there were 2 exceptions. The inverse association for women was weaker and it was not significant (only 37 deaths were observed among women). However, the likelihood ratio test for interaction conducted to assess whether effect modification by sex existed in the association between adherence to the Mediterranean diet and mortality was far from the limit of significance (P = 0.94). The second exception was that no association with deaths from cancer (also only 48 deaths) was observed. In contrast, the inverse association between adherence to the Mediterranean diet and mortality was strongest for cardiovascular deaths, albeit the CI was wide also due to the reduced number of cardiovascular deaths observed in our fairly young cohort.
Discussion
In a Mediterranean cohort of highly educated middle-aged adults with a low mortality rate, we found that closer adherence to the Mediterranean diet was inversely associated with the risk of death. Each 2-point increment in a 0-9 score of adherence to the Mediterranean diet was associated with a 28% relative reduction in mortality. The inverse association between adherence to the Mediterranean diet and mortality was stronger for men.
The inverse association was only apparent when major confounders were accounted for. Once we controlled for confounding, this inverse association was robust and remained significant in most sensitivity analyses. It is worth mentioning that this inverse association was stronger for cardiovascular mortality than for total mortality.
Our results support the essential role of dietary habits as determinants of mortality, even among young and low-risk individuals. The unique characteristic of this cohort is that it is composed of middle-aged participants with a low baseline BMI and a high educational level. Importantly, the inverse association between adherence to the Mediterranean diet and mortality was present in subgroups of younger participants and also for deaths occurring at earlier ages. All participants were living in a Mediterranean setting and conformity with the actual characteristics of the traditional Mediterranean diet could be properly appraised among them. Another important strength is related to the homogenous methodology used in this study: the field work of the SUN Project is conducted in a single center and no multicenter tasks have been accomplished, thus preventing the problems related to changes in methodology from one center to another. We used the technique of restriction in the design of the cohort for a better control of confounding. Restriction is an excellent technique in epidemiology to prevent confounding when designing an epidemiologic study (25) . We restricted our cohort to highly educated participants to obtain a good quality of self-reported information, keep a permanently high retention rate, and prevent confounding by educational level. Nevertheless, we also adjusted all our estimates for years of university education.
A limitation in our study is the self-reported nature of exposure. Although the validity and reliability of the FFQ used in our cohort has been extensively evaluated, showing acceptable correlations for food groups, energy, and nutrient intake (22) , some degree of misclassification may exist in the dietary assessment. However, we would expect it to be nondifferential and therefore drive the association toward the null value. Therefore, hours per day spent watching television, history of depression, baseline hypertension, baseline hypercholesterolemia, and total energy intake. 3 Additionally adjusted for dietary confounders not included in the definition of Mediterranean diet (egg consumption, potato consumption, and prescription of special diets at baseline).
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we do not think that misclassification might be an alternative explanation of the significant inverse association we identified. Even more, we showed that this inverse association remained apparent in most of the sensitivity analyses. The Mediterranean Diet Score was assessed only at baseline. Further studies are needed to complete this assessment using repeated measurements of diet. Nevertheless, the exclusion of participants followed-up for >8 y (to avoid the assumption that the same baseline diet was maintained in the long term) did not substantially change the magnitude of the association. Participants with a subclinical and serious disease at baseline might have changed their food habits because of their health status. But we think that it is not likely that reverse causality could have biased our results, because the exclusion of deaths that occurred during the first 2 y did not change the magnitude of the observed association. Furthermore, residual confounding might not have been totally excluded. However, we performed the analyses adjusting for the main known risk factors and we do not consider residual confounding as a likely important cause to explain the observed results. Finally, the number of observed deaths was small in our cohort. Despite this limitation that is associated with low statistical power, we found significant associations between adherence to the Mediterranean diet and mortality. We acknowledge that some point estimates in our results can be too extreme because of our limited statistical power. However, the CI reflect hours per day spent watching television, history of depression, baseline hypertension, baseline hypercholesterolemia, total energy intake, egg consumption, potato consumption, and adoption of special diets.
the imprecision of our estimates and should be taken into account as a more appropriate interpretation of our findings. Our results are consistent with a previous meta-analysis (6) , with the EPIC-Spain (15) and EPIC-Greece cohorts (5, 14) , and with other prospective studies conducted outside the Mediterranean area (7) (8) (9) (10) (11) (12) (13) 26) . A previous cohort study in a northern European population of young women reported an inverse association between adherence to the Mediterranean Diet and mortality, but the fully adjusted HR were significant only for women older than 40 y (8). To our knowledge, our study is the first to report a strong inverse association between adherence to the Mediterranean diet and mortality among Mediterranean middleaged adults at low risk of mortality, after controlling for an extensive array of potential confounders. In fact, the Mediterranean EPIC cohorts did not find any significant association between adherence to the Mediterranean diet and total mortality when the analyses were restricted to those participants whose age was <55 y at recruitment (5, 15) . In our present results in the SUN Project, nevertheless, an important and significant reduction in the risk of mortality was reported within this age group.
Interestingly, our results are in accordance with those of the EPIC-Spain cohort (15) regarding the weaker association observed among women.
The stronger inverse association with cardiovascular deaths is also consistent with the dramatic protection against reinfarction or cardiovascular death in a French randomized trial including only survivors of a myocardial infarction (27, 28) . It is interesting to note the inverse association found for the adherence to the Mediterranean diet and noncancer, noncardiovascular mortality. Several causes of death are included in this group such as respiratory or metabolic disorders and external causes. Our results are comparable with those reported by other cohort studies that included older participants (11, 15) . The concept of the Mediterranean diet is in line with the current approach to consider overall food patterns instead of evaluating isolated nutrients (29) (30) (31) . In this context, protection by the Mediterranean diet against major causes of death has a high biological plausibility. The balance and sufficiency of macronutrients and micronutrients that are present in an overall food pattern in conformity to the traditional Mediterranean diet (3, 32) can account for several beneficial effects on metabolic pathways related to major chronic diseases leading to early deaths. These likely mechanisms include antioxidant (33) and antiinflammatory effects (34) and prevention of endothelial damage (35) . All these mechanisms are implicated in several diseases such as asthma, depression, and dementia and could explain the beneficial effect reported for the adherence to the Mediterranean diet on these diseases (36) (37) (38) . Moreover, better adherence to the Mediterranean diet has been associated with an amelioration of traditional risk factors for cardiovascular disease. The Mediterranean Diet is characterized by improved indexes of glucose homeostasis (39) , reductions in blood pressure (39) , abdominal obesity (40, 41) and metabolic syndrome (42) , and higher HDLcholesterol levels (39) . All of these might contribute to lower overall mortality. In fact, in our cohort, cardiovascular disease was the second cause of death (20.8%) and 10.4% of the known deaths in the cohort were due to suicides or neurologic, respiratory, or infectious diseases.
In summary, our results provide evidence supporting that closer adherence to the traditional Mediterranean diet can considerably reduce mortality even among young and low-risk adults. This link provides further evidence on the importance of promoting the adherence to the Mediterranean diet among the general population.
